More than a quarter of a century ago Harfenist and Craig [1] showed that commercial insulins contained several impurities. Clinical awareness of this as a potential problem stems more, however, from the observation in 1966 of Mirsky and Kawamura [2] using disc gel electrophoresis that crystalline insulin contained 6 to 10 different components. This report was closely followed by the classic study of Steiner and his colleagues [3] , in which they described three peaks, the a, b and c-components, on gel filtration chromatography of conventional bovine crystalline insulin. Subsequent work has shown that the c-peak contains desamidoinsulins, arginine insulin and ethylester insulin, as well as the true Sanger insulin, all these proteins having a molecular weight of approx. 6000. The b-component comprises proinsulin, intermediates and insulin dimer while the a-component consists of a heterogeneous mixture of proteins with molecular weights of greater than 12 000. This demonstration of the impurity of pharmaceutical insulin preparations led to the development by Schlichtkrull and colleagues [5] of the first of the highly-purified porcine insulins (the original MC or monocomponent insulin) which was chromatographically and electrophoretically pure, while single component insulin which was chromatographically pure was described in 1972 [6] . These highly purified insulins have now been available for nearly 8 years and it is perhaps pertinent to summarize the benefits that have accrued from their use as well as place in perspective some of the more extravagant claims that have been made on their behalf.
Most attention has been paid to the relative lack of antigenicity of the new insulins. Berson et al in 1956 [7] were the first to show the presence of, and realise the significance of, anti-insulin antibodies in insulin-treated diabetics. Deckert [8] then reported that circulating insulin antibodies could be demonstrated in 97% of insulin-treated patients, while none were found in normal subjects or diabetics who had not been given insulin. It was initially thought that this antigenicity was due to the structural differences between bovine and human insulin, or to abnormal metabolism of insulin in diabetics. However, it was subsequently shown that injection of homologous insulin into pigs or humans still resulted in antibody formation although to a lesser degree [9, 10, 11] . It has since been shown that although bovine preparations are certainly more antigenic than porcine and human insulins the remaining antigenicity is due to impurities in the insulin preparation with the a-component being particularly antigenic and antibodies to proinsulin and insulin derivatives also being formed. Piquancy has been added to the argument by 'the discovery of Bloom and his colleagues [12] that patients treated with conventional insulins, or what they emotively call "dirty insulins", have significant antibody titres against other pancreatic hormones such as pancreatic polypeptide and VIP.
Many studies have now been performed of antibody levels in patients treated with conventional insulins compared with patients treated only with highly purified insulins. Similarly antibody levels have been followed in patients changed from conventional bovine or bovine/porcine insulins to the highly purified insulins [13, 14, 15, 16, 17, 18, 19, 20, 21] . In the early days of the new insulins they were said to be virtually non-immunogenic although more recent findings have been less dramatic [18, 19] . Certainly, however, when patients are changed from the older to the highly purified insulin there is a decrease in antibody titre [13, 14, 16, 22] and a fall in total insulin requirement [13, 23] . Asplin et al [21] in a large series of patients showed not only a fall in serum bound insulin but a simultaneous rise in serum free insulin. Others have suggested that the fall in insulin 0012-186X/78/0015/0077/$01.00 requirement occurs only in those subjects with initial high requirements and high serum total insulin binding capacity [24] . In one of the more recent studies, Bruni and his colleagues [20] in this journal have reported that patients treated only with highly purified insulins for 5 years or more developed no antibodies to proinsulin, while 2 out of l 3 developed a-component antibodies. In conventionally treated patients antibodies to both a-component and proinsulin were found in more than half the patients.
A few patients show an early and catastrophic fall in insulin requirement on changing from old to new insulins [25] , with Asplin et al [21] showing this in 21% of patients. This occurs prior to any change in antibody characteristics and may be due to a difference in the way in which antibodies in these individuals bind bovine and porcine insulins. This can be predicted by differential binding studies prior to changeover. More usual is a gradual decrease in insulin requirement of 20-30% over the course of 3 to 12 months [13] . Clinically it is probably wise to decrease the total insulin dose by 20 to 30% on changeover and then adjust according to response.
These observations are interesting but do not indicate whether it is actually beneficial for the patient to be treated with a less antigenic insulin. Are the anti-insulin antidodies harmful? In the "honeymoon" period of the highly purified insulins it was said that insulin antibodies caused immune complex disease [26] and could be implicated in the long-term complications of diabetes. This has not been substantiated; there is indeed no evidence to suggest that complications found in insulin-treated diabetics are not identical with those found in some patients who have never been trated with insulin. In the occasional patient with massive insulin resistance due to a very high antibody titre it is probably beneficial to change to highly purified insulins when requirements will fall but this is a rare event with the more pure, although not highly-purified, insulins that have been available for the last twenty years. It has also been suggested that insulin antibodies may cross the placenta and be harmful to the foetus of the diabetic mother [26a] .
The main argument about insulin antibodies centres on what effect they have on the control of diabetes. This problem is still unresolved. Dixon and his colleagues [27] and Fankhauser [28] suggested that the presence of insulin antibodies improved diabetic control by providing a buffer against sudden changes in free insulin concentration. This has not been substantiated. Others have suggested that changing patients to highly purified insulins with a consequent decrease in antibody titre improves control of blood glucose [14, 21, 29] . In none of these studies, however, have proper control groups been included. This is of particular importance in this type of study in that patients are automatically cared for more thoroughly when taking part in this type of trial. In one of the few studies where adequate numbers of samples were taken and an equivalent degree of care given before and after the change in insulin therapy no change in control could be discerned although the number of patients studied was small, and only patients with unstable diabetes were studied [18] .
In normal subjects insulin is secreted in sharp peaks in response to meals, and the aim of diabetic therapy should be to mimic this. Heding and her colleagues have shown well the sluggish response of free insulin concentrations to therapy in patients who have anti-insulin antibodies [30] . It is thus theoretically likely that patients with no or low antibodies will have a more desirable free insulin pattern. The fact that this still remains unproven probably reflects more our inability to mimic adequately the physiological response with subcutaneous insulin therapy than any failing on the part of the new highly purified insulins. In making a realistic assessment, however, of the proven harm of antibodies and the real benefits to the patients of the new insulins one must leave a question mark beside their effects on blood glucose control in the diabetic.
Despite the lack of evidence concerning control there are some real advantages to the new insulins and, equally, some suggestive disadvantages to the old insulins. Insulin allergy has been known since the introduction of insulin therapy, with red patches and intense irritation at the injection site. Already in 1949 Jorpes [31] had shown that using insulin which had been recrystallized several times lessened this local response. More generalised allergic reactions are also decreased by changing to highly purified insulins [32, 33] although a report has now appeared of a patient allergic even to the new insulin [34] . Another complication of insulin therapy has been the appearence of patches of lipoatrophy at the most commonly used injection sites. These are not harmful although one cannot but ponder on whether absorption is normal from such abnormal tissue. Many reports have appeared of the filling in of these patches if highly purified insulins are injected into the hollows [35] although the impact of this is lessened by the report that use of conventional insulin in the same way can equally well effect a cure [36] . On the other hand, lipoatrophy appears to be less common in general in patients treated only with the new insulins [37] .
The arguments against the old insulins are more indirect. Obviously many patients have been treated with the conventional insulins without detriment. Equally it could be said that most insulin-treated diabetics are troubled by either longterm or shortterm complications of either the disease or of therapy. Whether these will be lessened by the new insulins remains to be proven although a trial seems worthwhile. We also do not know what dangers are inherent in the use of impure insulin preparations apart from antibody formation. The finding of antibodies against VIP and pancreatic polypeptide is also of interest, but again is of totally unproven pathological significance. It seems reasonable, however, to suggest that it is more logical to use a pure than an impure drug even without definitive proof of benefit.
What of the cost? Highly purified insulins are more expensive to produce, and therefore to use; there are increased production losses; and until very recently only porcine highly purified insulins have been available. Production losses are now within acceptable limits and both this and the increased cost are offset by the decrease in requirement by individual patients. There is some concern about the supply of pigs, however; although this problem may be bypassed if a wider selection of highly purified bovine insulins becomes available. Again these new bovine insulin preparations need full and rigorous testing in view of the inherent greater immunogenicity of bovine compared with porcine insulin.
What then do we conclude? Should we uniformly transfer all patients to highly purified insulins? At present we cannot answer with an unqualified yes. Certainly there are groups of patients where there are strong indications for the use of the new insulins. These include patients with insulin allergy, either local or generalised; patients with lipoatrophy; patients with insulin resistance which could perhaps now be redefined as those taking more than 100 units/day [38] ; and patients with short-term insulin requirements, such as non-insulin dependent diabetics undergoing surgery, non-diabetics under intensive care and gestational diabetics. For the rest, it is certainly not unreasonable to use the new insulins, and we indeed use them widely, but we must remain aware that definitive proof about their benefits, with particular regard to control and complications, is still lacking. Use of phrases such as "dirty insulin" is of value only if it stimulates further work, and may indeed be retrogressive if it gains appeal purely as a superficial catch phrase. Facts must override emotions! The length of time required for a properly conducted trial to produce the appropriate proof may well deter many investigators. However, such proof is vital and the time factor unimportant. As Arnold Schoenberg replied when told that his Violin Concerto required a soloist with six fingers: "Very well, I can wait".
